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System and method for braking a motor of a propulsion unit 



Field of the invention 



The present invention relates to a propeller drive arrange- 
ment for vessels used in water-borne traffic and specifically 
to a propeller drive arrangement, which comprises a propul- 
sion unit. The invention further relates to an arrangement 
comprising a propulsion unit, which is rotatable in relation 
to the hull of the vessel. The invention further relates to a 
system and a method for braking, i.e. reducing the speed 
and/or limiting the motion of a motor of a propulsion unit. 

Background of the present invention 



In the most common cases the propulsion of various ships or 
equivalent vessels (such as e.g. passenger ships and passen- 
ger ferries, cargo ships, barges, oil tankers, ice breakers, 
off-shore vessels, naval ships etc.) is achieved by a pushing 
or pulling force produced by a rotatable propeller or several 
propellers. Separate rudder devices have conventionally been 
used for steering the vessels. 

Conventionally the driving or rotating arrangements for the 
propellers have been implemented such, that the drive device 
for the propeller shaft, e.g. a diesel engine, a gas engine 
or an electric motor is provided inside the hull of the ves- 
sel, from which location the propeller shaft extends outside 
the hull of the vessel through a watertight sealed opening. 
The propeller itself is located at the other end, i.e. the 
end extending outside the vessel, of the propeller shaft, 
which is connected either directly to the motor or to a gear- 
box, if any. In the majority of all vessels used in water- 
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borne traffic this solution is used for providing the force 
necessary for their movement. 

Prior art is described below with reference to the accompany- 
ing drawings, in which: 

Figure 1 shows the structure of a propulsion unit according 
to prior art, 

Figure 2 shows a prior art propulsion unit with its turning 

arrangement, and 
Figure 3 shows a prior art arrangement for supplying power to 

propulsion units. 

Figure 1 shows the structure of a propulsion unit according 
to prior art. The prior art propulsion unit comprises a motor 
1, a propeller 2, and a chamber 3, which is connected to the 
hull 5 of the ship by a hollow shaft 4 . Shipbuilders have 
lately started to provide vessels with propeller units of the 
described kind, wherein the motor 1, providing the driving 
power for the propeller shaft, as well as any gearbox, are 
disposed inside a special chamber 3, which is located outside 
the hull 5 of the ship, said chamber 3 being supported ro- 
tatably in relation to said hull 5. 

The chamber 3, containing the motor 1, is rotatably supported 
in relation to the hull of the ship by the hollow shaft 4, 
which is extending through the bottom of the ship. Thus, the 
unit is turnable relative the hull 5, whereby it, instead of 
any separate rudder equipment, can also be used for steering 
the vessel. Among others, the FI patent No. 76977, to the 
present applicant, discloses such a propulsion unit in more 
detail. These units are also generally called azimuthing pro- 
pulsion units, and the present applicant, for example, is of- 
fering such azimuthing units under the trade name AZIPOD ®. 
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In addition to the advantages gained from the elimination of 
a long propeller shaft and separate rudder equipment, these 
devices have been found to provide essential improvement in 
the maneuverability of a vessel- The energy economy of the 
vessel has also been found to become more efficient. In re- 
cent years, the use of azimuthing propulsion units in various 
vessels for water-borne traffic has become more common, and 
they are assumed to grow increasingly popular. 

Figure 2 shows a prior art propulsion unit with its turning 
arrangement- The propulsion unit according to prior art com- 
prises a motor unit 6, a propeller 7, a supporting part 8, 
and a cabling unit 9 and motor units 10, 11 of the turning 
arrangement- The motor unit 6 and the propeller 7 of the pro- 
pulsion unit are being supported at the hull of the ship by 
the supporting part 8. The driving .electric power is supplied 
to the electric motor unit 6 by the cabling unit 9. The motor 
units 10, 11 of the prior art turning arrangement turn the 
propulsion unit via a suitable gear set. The prior art pro- 
pulsion unit also comprises mechanical brake means for reduc- 
ing and/or limiting the turning speed of the azimuthing pro- 
pulsion unit. 

Figure 3 shows a power supply arrangement according to prior 
art for propulsion units. The prior art power supply arrange- 
ment for- propulsion units comprises engine units 12, genera- 
tor units 13, electrical power network switching panels 14, 
transformer units 15 for the propulsion system, frequency 
converters 16 for the propulsion units, frequency converters 
17, 18 for the turning arrangement, propulsion units 19, 20 
and a steering system 21. 



WO 03/084045 PCT/FI03/00244 

4 

In the power supply system according to prior art, the engine 
units 12 produce the power and the generator units 13 convert 
it to electric energy as input to the electrical power net- 
work. In the electrical power network, the electric power is 
directed, via the switching panels 14 and the transformer 
units 15 for the propulsion system, to the frequency convert- 
ers 16 for the propulsion units and the frequency converters 
17, 18 for the turning arrangement. The frequency converters 
16-18 further establish the driving voltages to the motors 
for the propellers and the turning arrangements of the pro- 
pulsion units 19, 20. The task of the steering system 21 is 
to control the operation of the turning arrangement. 

The operating principle of the frequency converter 16-18 is a 
technique known to a person skilled in the art, and thus it 
need not be explained here, except by mentioning, that the 
main general parts of a frequency converter are a rectifier, 
an intermediate direct-current circuit and an invertor. Pres- 
ently frequency converters 16-18 are commonly used, for in- 
stance, as supply devices for alternating-current motors, 
while being particularly preferable in various controllable 
electric drives. Frequency converters called PWM frequency 
converters (PWM, pulse width modulation) , which are based on 
the pulse width modulation technique and have a so called 
voltage intermediate circuit, are the frequency converters 
being utilized the most frequently. 

Should one or more of the propellers get damaged, it should 
be possible to move the vessel for service. The problem is, 
that should the vessel be moved, the damaged propeller will 
easily start rotating and causes additional damage to the 
propulsion device and possibly also to the vessel. 
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Accordingly, should there occur a break-down in the electric 
Sower supply to the motors in the turning arrangement for the 
S?ooullion unit, a sudden turning of the propulsion unit 
mlgSt cause additional damage to the propulsion device and 
SossiblY also to the vessel. If the propulsion device is free 
recJiestly to turn this way and that, the maneuverability of . 
the vessel is considerably impaired. 

in regard to prior art reference is made to US Patent; 
1 555T244, which presents a solution for dynamic braking of 
an asynchronous motor, whereby the stator windings are short-, 
circled in a known manner. Furthermore, in regard to prior 
P reference is made to US Patent 5,184,049 which presents a 
solution for reducing the motor stopping time of the optical 
or magnetic discs by first supplying reverse voltage to and 
?Ln fnort-circuiting the stator windings of an ac motor, ; 
Pnr^hermore in regard to prior art reference is made to In- 
ternational' patent 9 application WO97/05691 which presents a 
^SStion for controlling the servomotor by a PWM converter 
ana tne switches of the converter are controlled, so that the 
windings are short,- circuited during the braking period In , 
the Prior art references, the asynchronous motors with short- 
circuited rotors do not produce any torque in zero speed, be- 
cause there is no rotating magnetic field .during in . the ,ro- 
tors . 

In propulsion units according to prior art , brak^mean^ op- 
erating mechanically have been devised The object^ of the 
Srakini means is to prevent rotation of the propeller and to 
restrain the propeller essentially in a ■ t *^ £ ^ t J~~: 
respectively, to prevent the turning movement of the propux 
Slon unit and to restrain the propulsion unit essentially in 
a standard position. 

Summary of the present invention 

The object of the present invention is to eliminate the dis- 
advantages of prior art and to provide a novel solution for 
reducing and/or limiting the speed of a motor of a propulsion 
unit . 

An object of the invention is to provide a solution in which 
the use of any separate mechanical brake means and problems 
related to such means will be avoided. 

An object of the invention is to provide a solution, in which 
the use of any separate mechanical brake means, as the pro- 
pulsion unit is recklessly turning, can be avoided. 

An object of the invention is to provide a solution, by which 
the reliability and the overall economy of the turning ma- 
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chinery of an azimuthing propulsion unit are improved com- 
pared to the known solutions. 

According to a first aspect of the present invention a system 
is provided for reducing the speed and/or limiting the motion 
of a motor of a propulsion unit, said system comprising a 
propulsion unit, a propeller, a propeller motor, said propel- 
ler motor containing a magnetization device, and a frequency 
converter connected to an electrical power network, the sys- 
tem being characterized in, that the system further comprises 
a switch arrangement, which switch arrangement comprises 
means for disconnecting the propeller motor from the electri- 
cal power network and means for essentially short-circuiting 
the stator windings of the propeller motor. 

Preferably, when a need for braking the propeller motor is 
detected, first, the propeller motor is disconnected from the 
electrical power network, after which the stator windings of 
the propeller motor are switched into a short-circuit. Alter- 
natively, when a need for braking the propeller motor is de- 
tected, first, the propeller motor is disconnected from the 
electrical power network, after which the stator windings of 
the propeller motor are switched into a short-circuit within 
the frequency converter. Preferably the short-circuit is 
switched using semiconductors. 

Preferably, the short-circuit is implemented such, that the 
stator windings of the propeller motor simultaneously are 
also connected to equipment ground. Preferably, the switch 
arrangement is controlled by a control section of the fre- 
quency converter. 
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Preferably, a synchronous motor is used as the propeller mo- 
tor of the propulsion unit. Preferably, the braking system is 
implemented for switching more than one propulsion unit. 

According to another aspect of the invention, a system is 
provided for reducing the speed and/or limiting the motion of 
a motor of a propulsion unit, said system comprising a pro- 
pulsion unit, a propeller, motor units of the turning ar- 
rangement, said motor units containing a magnetization de- 
vice, and a frequency converter connected to an electrical 
power network, the system being characterized in, that the 
system further comprises a switch arrangement, which switch 
arrangement comprises means for disconnecting the motor units 
from the electrical power network and means for essentially 
short-circuiting the stator windings of motor units. 

Preferably, when a need for braking the motor units is de- 
tected, first, the motor units are disconnected from the 
electrical power network, after which the stator windings of 
the motor units are switched into a short-circuit. Alterna- 
tively, when a need for braking the motor units is detected, 
first, the motor units are disconnected from the electrical 
power network, after which the stator windings of the motor 
units are switched into a short-circuit within the frequency 
converter. Preferably the short-circuit is switched using 
semiconductors . 

Preferably, the short-circuit is implemented such, that the 
stator windings of the motor units simultaneously are also 
connected to equipment ground. Preferably, the switch ar- 
rangement is controlled by a control section of the frequency 
converter . 
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Preferably, synchronous motors are used as the motor units of 
the turning arrangement of the propulsion unit. Preferably, 
the braking system is implemented for switching more than one 
propulsion unit. 

According to a third aspect of the invention, a method is 
provided for reducing the speed and/or limiting the motion of 
a motor of a propulsion unit in a system comprising a propul- 
sion unit, a propeller, a propeller motor, said propeller mo- 
tor containing a magnetization device, and a frequency con- 
verter connected to an electrical power network, and a switch 
arrangement, the method being characterized in that first, a 
need for braking a propeller motor is detected, next, the 
propeller motor is disconnected from the electrical power 
network, after which the stator windings of the propeller mo- 
tor are short-circuited. 

Preferably, before the stator windings of the propeller motor 
are short-circuited, a check is made to ensure, that the pro- 
peller motor is disconnected from the electrical power net- 
work. Preferably, the braking method is implemented for 
switching more than one propulsion unit. 

According to a fourth aspect of the invention a method is 
provided for reducing the speed and/or limiting the motion of 
a motor of a propulsion unit in a system comprising a propul- 
sion unit, a propeller, motor units of the turning arrange- 
ment, said motor units containing a magnetization device, and 
a frequency converter connected to an electrical power net- 
work, and a switch arrangement, the method being character- 
ized in that first, a need for braking motor units is de- 
tected, next, the motor units are disconnected from the elec- 
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trical power network, after which the stator windings of the 
motor units are short-circuited. 

Preferably, before the stator windings of the motor units are 
short-circuited, a check is made to ensure, that the motor 
units are disconnected from the electrical power network. 
Preferably, the braking method is implemented for switching 
more than one propulsion unit. 

Several considerable advantages are achieved by the present 
invention. It enables the replacement of the known system 
based on the use of mechanical brake means and thus the 
elimination of the problem items mentioned above. There is 
good overall economy in the solution based on utilizing the 
electric motor. The braking arrangement based on the electric 
drive is also extremely reliable. 

The basic elements needed for the braking solution based on 
the use of an electric motor already exist in modern vessels, 
and, accordingly, the construction of a separate mechanical 
braking system is avoided. 

Brief description of the drawings 

The present invention is described below in detail with ref- 
erence to the accompanying figures, in which: 

Figure 1. shows the structure of a propulsion unit according 
to prior art, 

Figure 2 shows a prior art propulsion unit and its turning 
arrangement, 

Figure 3 shows a prior art power supply arrangement for pro- 
pulsion units, 
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shows a system according to the present invention 
for braking a motor of a propulsion unit, 
shows a typical short-circuit curve for a perma- 
nently magnetized motor of a propulsion unit ac- 
cording to the present invention, 

shows an alternative system according to the pre- 
sent invention for braking a motor of a propulsion 
unit, 

shows a method according to the present invention 
for braking a motor of a propulsion unit, 
shows an alternative method according to the pre- 
sent invention for braking a motor of a propulsion 
unit, and 

shows another alternative method according to the 
present invention for braking a motor of a propul- 
sion unit. 

Figures 1-3 were described above- The solution according to 
the present invention is presented below with reference to 
Figures 4-9, which show the implementation of a solution 
according to the present invention. 

De-tailed description of specific embodiments 

Figure 4 shows a system according to the present invention 
for braking a motor of a propulsion unit. The braking system 
for a motor of a propulsion unit according to the invention 
comprises a load 22 of the propulsion unit, a permanently 
magnetized motor 23 of the propulsion unit, a frequency con- 
verter 25 connected to an electrical power network 24, and a 
switch arrangement 26. As the load 22 there may be either a 
propeller 22 or a turning device 22 for the propulsion unit. 



Figure 4 
Figure 5 

Figure 6 

Figure 7 
Figure 8 

Figure 9 
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Reference number 27 indicates a control section of the fre- 
quency converter. 

The switch arrangement 26, according to the present inven- 
tion, of the braking system for the motor of the propulsion 
unit comprises means for disconnecting the motor 23 from the 
electrical power network, and means for short-circuiting the 
stator windings of the permanently magnetized motor 23. When 
a need for braking the motor 23 is detected, first the motor 
23 is disconnected from the electrical power network. Subse- 
quently he stator windings of the motor 23 are switched into 
a short-circuit. The short-circuit can also be implemented 
such, that the stator windings of the motor 23 simultaneously 
are connected to equipment ground. 

The switch arrangement 26 can be controlled e.g. by the con- 
trol section 27 of the frequency converter. For example a 
synchronous motor 23 can be utilized as the permanently mag- 
netized motor 23 of the propulsion unit. The motor units 10, 
11 of the turning arrangement can, for example, also consti- 
tute the permanently magnetized motors 23. The braking 
method, according to the present invention, for a motor of a 
propulsion unit can also be implemented for switching more 
than one motor. 

Figure 5 shows a typical short-circuit curve of a permanently 
magnetized motor of a propulsion unit according to the pre- 
sent invention. The short-circuit curve of the motor is indi- 
cated by the reference numeral 28. When the stator windings 
of the permanently magnetized motor are short-circuited, the 
short-circuit moment is so large, that it is generously suf- 
ficient for resisting the moments induced by the ship's move- 
ments and sea currents. Thus at all times one stays to the 
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left of the moment curve's peak value. The rotational speed 
of the propeller is then less than 10 % of its nominal speed, 
typically about 2 - 5 % of the nominal speed. 

Figure 6 shows an alternative system, according to the pre- 
sent invention, for braking a motor of a propulsion unit. The 
alternative braking system, according to the present inven- 
tion, for a motor of a propulsion unit comprises a propeller 
29, a permanently magnetized motor 30 of the propulsion unit, 
a frequency converter 32 connected to an electrical power 
network 31, and a switch arrangement 33. A control section of 
the frequency converter is indicated by the reference numeral 
34. 

The switch arrangement 33 of the braking system, according to 
the present invention, for a motor of a propulsion unit com- 
prises means for disconnecting the motor 30 from the electri- 
cal power network and means for short-circuiting the stator 
windings of the permanently magnetized motor 30. When a need 
for braking the motor 30 is detected, first, the motor 30 is 
disconnected from the electrical power network. After that, 
the stator windings of the permanently magnetized motor 30 
are switched into a short-circuit within the frequency con- 
verter 32. 

The short-circuit implemented within the frequency converter 
can be switched also using semiconductors. For example, a 
synchronous motor 30 can be used as the permanently magnet- 
ized motor 30 of the propulsion unit. The short-circuit can 
also be implemented such, that the stator windings of the mo- 
tor 30 simultaneously are connected to equipment ground. 
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The switch arrangement 33 can be controlled, for example, by 
a control section 34 of the frequency converter. The motor 
units 10, 11 of the turning arrangement, for example, can 
here also constitute the permanently magnetized motors 30. 
The braking system, according to the present invention, for a 
motor of a propulsion unit can also be implemented for 
switching more than one propulsion unit. 

Figure 7 shows a method according to the present invention 
for braking a motor of a propulsion unit. The braking system 
for a motor of a propulsion unit according to the invention 
comprises a propeller, a permanently magnetized motor of the 
propulsion unit, a frequency converter connected to an elec- 
trical power network, and a switch arrangement. In the method 
according to the present invention, first, a need for braking 
the motor is detected 35. When the need for braking has been 
detected, the motor is disconnected 36 from the electrical 
power network. After that, the stator windings of the motor 
are short-circuited 37. The method for braking a motor of a 
propulsion unit according to the present invention can also 
be implemented for switching more than one motor. 

Figure 8 shows an alternative method, according to the pre- 
sent invention, for braking a motor of a propulsion unit. The 
braking system for a motor of a propulsion unit according to 
the invention comprises a propeller, a permanently magnetized 
motor of. the propulsion unit, a frequency converter connected 
to an electrical power network, and a switch arrangement. In 
the method according to the present invention, first, a need 
for braking the motor is detected 35, When the need for brak- 
ing has been detected, the motor is disconnected 36 from the 
electrical power network. After the motor has been discon- 
nected from the electrical power network, the disconnection 
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of the motor from the electrical power network is checked 38 . 
After that, the stator windings of the motor are short- 
circuited 37. The method for braking a motor of a propulsion 
unit, according to the present invention, can also be imple- 
mented for switching more than one propulsion unit. 

Figure 9 shows another alternative method, according to the 
present invention, for braking a motor of a propulsion unit. 
The braking system for a motor of a propulsion unit according 
to the invention comprises a propeller, a permanently magnet- 
ized motor of the propulsion unit, a frequency converter con- 
nected to an electrical power network, and a switch arrange- 
ment. The motor units 10, 11 of the turning arrangement, for 
example, can here also constitute the permanently magnetized 
motors. In the method according to the present invention, 
first, absence of supply power to the motor is detected 39. 
When absence of supply power has been detected, the stator 
windings of the motor are short-circuited 40. The alternative 
method for braking a motor of a propulsion unit according to 
the present invention can also be implemented for switching 
more than one propulsion unit. 

Thus, a device and a method have been provided by the present 
invention, by which a novel solution for braking a motor of a 
propulsion unit of a vessel is achieved. By the solution, 
several disadvantages of prior art are avoided, while achiev- 
ing an advantage with regard to a simpler design and a better 
overall economy as well as ease of use and operational reli- 
ability. 

It is to be appreciated, that the examples of embodiments of 
the present invention presented above are not limiting the 
scope of the invention as defined in the patent claims, but 
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rather that the claims are intended to cover all modifica- 
tions, similarities and alternatives included in the spirit 
and scope of the invention as defined in the accompanying 
patent claims. 



